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(71) We, F. Hoffmann-La Roche & 
Co., Aktiengesellschaft, a Swiss Ck>m- 
pany of 124 — 184 Grenzacherstrasse, Basle, 
Switzerland, do hereby declare the invention, 

5 for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 
Tlie present invention is concerned with a 

10 process for the manufacture of indoles. It is 
also concerned with a process for the pre- 
paration of <wf//o-nitro-^-aminostyrenes use- 
ful in said process and with certain of said 
arr//o-nitro-)S-aminost>Tenes per se. 

15 The indoles obtained according to the pre- 
sent invention have the general formula 



(I) 



wherein Ri and Rj independently represent 
hydrogen, lower alkyl, aryl, hydroxy, lower 

20 alkoxy, aryl-lower alkoxy, aryloxy, acyloxy, 
formyl, aroyl, hydroxymethyl, aryl-hydroxy- 
methyl, carboxy, lower alkoxycarbonyl, car- 
bamoyl, halogen, amino, mono-lower alkyl- 
amino, di-lower alkylamino, lower alkoxy- 

25 carbonylamino, aryl-lower alkoxycarbonyl- 
amino, acylamino, N-lower alkylacylamino, 
di-lower alkylformamidino, or di-lower 
alkoxymethyl or Ri and Rn together repre- 
sent lower alkylenedioxy. 




According to one embodiment of this in- 
vention, the indoles of formula I hereinbefore 
are manufaauied by treating an ortho-nixxO'- 
j6-aminostyrene of the general formula 



30 




(II) 



wherein Ri and Ro have the significance 
given earlier and R3 and Ri independendy 
represent lower alkyl or R3 and Rj together 
represent lower all^lene, 
with a reducing agent. 

According to another embodiment of this 
invention, the <7r//w-nitro-j8-aminostyrcnes of 
formula 11 hereinbefore arc prepared by con- 
densing an or^Ao-nitrotoIuene of the general 
formula 



(III) 



wherein Ri and R- have the significance 
given earlier. 
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with a formamide acetal of the general for- 
mula 

R.0 R3 
\ / 
CH— N (IV) 

wherein R3 and R^ have the significance 
5 given earlier and R, and R^ independently 
represent lower alkyl, aralkyl or cycfoalkyl 
or Rj and R^ together represent lower 
alkylene. 

According to a further embodiment of this 
10 invention, die indoles of formula I herein- 
before are manufactured by a two-step pro- 
cess which comprises condensing an 
nitro-toluene of formula III with a formamide 
acetal of formula IV and treating the result- 
15 ing oi-f/w-nitro-jS-aminostyrene of formula II 
with a reducing agent 

According to a still further embodiment of 
this invenuon, there are provided cenain 
novel ^?^^/^<^•nitro-)3-aminosty^enes of formula 
20 II, namely those in which at least one of R3 
and R., is other than methyl when one of R| 
and Kj represents hydrogen and the other 
represents hydrogen or methyl in the 3-posi- 
tion. 

25 In the case where R, or R.. represents a di- 
lower alkox7 methyl group in the formulae 
given above, it is preferably a dimcthoxy- 
methyl group. 
As used in this description and in the 

30 accompanying claims, the term "lower alkyl", 
when taken alone or in combination^ denotes 
a straight-chain or branched-chain saturated 
hydrocarbon group containing from 1 to 7 
carbon atoms, for example, methyl, ethyl, 

35 propyl, iyopropyl, butyl, fcrtbutyl, neopcntyU 
pentyl and heptyl. The tem "lower alko2cy", 
when taken alone or in combinadon, denotes 
a lov/er alkyl ether group in which the lower 
alkyl group is as defined earlier, for example, 

40 mcthoxv, ethoxy, propoxy and pentoxy. The 
term "halogen" denotes the four halogens, 
bromfne, chlorine, fluorine and iodine. The 
term "aryV denotes phenyl or phenyl bearing 
one or more halogen, trifluoromethyl, lower 

45 alkyl, lower alkoxy, nitro, amino, lower alkyl- 
amino and/or di-lower alkylamino substitu- 
ents. Tlie term "ar>'loxy*' denotes an aryl 
etlier group in which tlie aryl group is as de- 
fined earlier, for example, phenox5^ The term 

50 "acyl" denotes an alkano}^! group derived from 
an aliphatic carboxylic acid containing from 
1 to 7 carbon atoms, for example, formyl, 
acetyl and propionyl or an aroyl group de- 
rived from an aromatic carboxylic acid such 
55 as benzoyl. The term "acyloxy" denotes an 
alkanoyloxy group derived from an aliphatic 
carboxylic acid containing from 1 to 7 car- 
bon atoms, for example, formyloxy, acetoxy 
and propionvloxy or an aroyloxy group de- 



rived from an aromatic carboxjlic acid such 60 
as benzoyloxy. The term "lower alkylene 
dio>:>*" denotes an alkylene diether group con- 
taming from 1 to 7 carbon atoms such as 
mcthylenedioxy, eth3-lenediox>' and propylene- 
dioxy. The term "lower alkylene" denotes a 65 
hydrocarbon group containing 2 to 5 (prefer- 
ably 2 or 3) carbon atoms such as ethylene, 
propylene, butylenc and pent>4enc. The term 
"araikyl" denotes a lower alkyl group in which 
one or more of the hydrogen atoms have been 70 
replaced by an ar>'l group (e.g. benzj'l). The 
term "cyc/oalkyl" denotes a cyclic hydrocar- 
bon group containing from 3 to 6 carbon 
atoms. 

Examples of ar>i-lower alkoxy groups are 75 
benzyloxy, l-phenylethylox>' and 2-chIoro- 
benz>ioxy. Examples of aryl-hydroxjmethyl 
groups are phenylhjdroxymethvl and p-chloro- 
phenylhydroxmethyl. Examples of lower 
alkoxyxarbonyl groups are meihoxycarbonyl 80 
and ethoxycarbonyl. Examples of mono-lower 
alkylamino groups are methylamino, ethyl- 
amino, propylamino, iwpropylamino, butyl- 
amino and pentylamino. Examples of di-lower 
alkylamino groups are dimethylamino, diethyl- 85 
amino, ethylmethylamino and dipropylamino. 
Examples of lower alkoxycarbonylamino 
groups are methox\-carbonylamino and eth- 
oxvcarbonylamino. 'Examples of aryl-lower 
alkoxycarbonylamino groups are benzy loxy- 90 
carbo'nylamino and p-chlorobenzyloxycarbonyl- 
ammo. Examples of acylamino groups are 
fonnylamino, acetylanuno, propionylamino 
and benzoylamino. Examples of N-lower alkyl- 
acylamino groups are N-methylacetylamino, 95 
N-methylformylamino and N-ethylacetyl- 
amino. E.xamplcs of di-lower alkylforma- 
midino groups are dimethylformamidino and 
dicthylformamidino. 

It will be appreciated that the ortho-tdxxo- 100 
/?-aminost\Tenes of formula II have the trans 
configuration. 

In a preferred aspect of the present in- 
vention, Ri and R:: indcpcndcndy represent 
hydrogen, lower alkyl, hydroxy, lower alkoxy, 105 
aryJ-lcwer alkoxy. acyloxy, formyl, aroyl, halo- 
gen, amino or acylamino or Ri^ and R- to- 
jicthcr represent lower alkylenedioxy and R., 
R„ R- and R... independendy represent lower 
aJkyl or R., and R, or R- and R, together re- 110 
present lower alk\'Ienc. 

In a most preferred aspect of the invention, 
o-nitro-toluene is condensed with N,N-di- 
nicdiylforniamide dimethyl acetal to yield 
dimethylamino-2-nitrostyrene which is hydro- 115 
genated to yield indole. 

As will be evident from the foregoing, the 
present invention provides a novel route to 
indoles. It provides a novel and significant 
route to many indoles of commercial value and 120 
is panicularly salient in providing such in- 
doles with greater efficiency than heretofore 
known in prior processes. 
Broadly stated, the process of the present 
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invention involves condensing the methyl 
function of an ^^•/^o-nit^o-toluenc with the 
fonnyl radical of a formamide acetal to yield 
a nitrobenzene derivative which bears a N,N- 

5 disubstituted aminovinyl function in the ortho- 
position to tiie nitro group and thereafter re- 
ducing the nitro group to an amino group 
with concurrent displacement of the N,N-di- 
substituted amino funaion and cyclization to 

10 form an indole nucleus. 

The ort/w-nitro toluenes of formida III are 
known or can be prepared by known pro- 
cedures. Examples of such ort/zo-nitrotoluenes 
are 3 - methyl - 4 - nitrobiphenyl, 2 - methyl - 

15 3 - nitrobenzyl alcohol, 3 - nitro- p - tolu - 
amide, 4 - methyl - 3 - nitrobenzophenone, 
3 - nitro - p - toluic acid methyl ester, N,N - 
dimethyl - 3 - nitro - p - toluidine, 3 - nitro - 
P - toluic acid, 4 - methyl - 3 - nitrobenzo - 

20 phenone, N - methyl - 3 - nitro - /> - tolui - 
dine and 3 - nitro - p - toluidine. 

The formamide acetals of formula IV are 
known or can be prepared by known pro- 
cedures. A preferred ^oup of formamide 

25 acetals of formula IV comprises, for example, 
N,N - dimethylformamide diethyl acetal> 
NJM-dimethylformamide dimethyl acetal, N- 
formylpyrrolidine dimethyl acetal, 2-dimethyl- 
amino - 1,3 - dioxolane, N - formyl - piperi - 

30 dine dimethyl acetal, NJJ-dimethylfonnamide 
dibenzyl acetal, N;^^-dimethyIformamide di- 
cyclohtxyl acetal, N,N-dimethylfonnamide di- 
ncopentyl acetal, NJ^-dimethylfonnamidc di- 
iropropyl acetal and N,M-dimethylformamide 

35 di-n-heptyl acetal. 

The condensation of an or^/10-nitrotoluene 
of formula III with a formamide acetal of 
formula IV can be canied.out in the presence 
or absence of an inert organic solvent. Pre- 

40 ferably, the condensation is carried out in the 
presence of a polar aprotic solvent such as, 
for example, N,N-dimethylformamide (DMF), 
diethyleneglycol dimethyl ether (didvme) and 
hexamethylphosphortriamide (HMPT). The 

45 conditions employed for the condensation are 
not narrowly critical. Thus, the condensation 
can be carried out at a temperature in the 
range of from room temperature to the reflux 
temperature of the condensation mixture, 

50 Preferably, the condensation is carried out at 
a temperature in the range of from 100°C to 
160°C, Most conveniently, the condensation 
is carried out at the reflux temperature of 
the condensation mixture. The condensation 

55 may be carried out at atmospheric or super- 
atmospheric pressures. Conveniently, it is 
carried out at atmospheric pressure. 

In a preferred aspect of this process, R:v 
and R4 eacli represents methyl, and one of 

60 Ri and Ro represents hydrogen and the other 
represents hydrogen or methyl in the 3 -posi- 
tion. 

The (?r//w-nitro-^-aminostyrenes of for- 
mula II are reduced chemically or catalytic- 
65 ally to yield the corresponding indole deri- 



vatives of formula I. The catalytic reduction 
may be carried out in any conventional man- 
ner, but it is preferably carried out at about 
room temperature with a hydrogen pressure 
of from 1 to 10 atmospheres. Any suitable 70 
hydrogenation catalyst may be employed. Ex- 
amples of suitable hydrogenation catalysts are 
chromium, molybdenum, tungsten, platinum, 
palladium, rhodium, cobalt, nickel and 
ruthenium, their oxides, and combinations 75 
thereof such as, for instance, the oxides of 
cobalt or molybdeniun in admixtine and in- 
cluding cobalt molybdate. The preferred hvd- 
rogenation catalyst is palladium or RANTEY 
nickel as well as other platiniun group metals. 80 
Conveniendy, the catalyst may be supponed 
on carbon, for example charcoal. 

Advantageously, the catalyst may be util- 
ized in the presence of an inert solvent, for 
example, an alkanol sucli as methanol and 85 
ethanol, a hydrocarbon such as benzene, tolu- 
ene, ethyl acetate and DMF. Most preferably, 
benzene is utilized. 

The chemical reduction may be effected in 
a conventional manner; for example, with a 90 
metal such as iron, zinc or tin in an organic 
or inorganic acid such as acetic acid or 
hydrochloric acid, with stannous chloride in 
hydrochloric acid, with ferrous sulfate, with 
sodium dithionate, with sodium or ammom'um 95 
sulfide or hydrosulfide. The conditions for 
the chenucal reduaion are not critical. Prefer- 
ably, it is effeaed at a temperature in the 
range of from about room temperature to 
the reflux temperature of the mixture in die 100 
presence of a solvent such as water or a 
water misclble solvent, for example, an alka- 
nol such as methanol, ethanol or tetrahydro- 
furan. 

While, in general, the substituents repre- 105 
sented by Ri and Rn are unaffected by the 
condensation and subsequent reduction, in 
certain cases they may be affected. For in- 
stance, during tiie condensation, a carboxyl 
group may be converted to an ester group and 110 
a phenolic hydroxyl group may be convened 
to a phenolic etiier. Also, for instance, a di- 
alkoxymethyl group can be retained or hydro- 
lyzed. In the presence of acid, tiie dialkoxy- 
metiiyl group is cleaved while, if no acid is 115 
present, it is retained. 

Upon completion of the reduction, the end 
products, for example, indole, may be re- 
covered utilizing conventional means such as 
crystallization, distillation or steam distilla- 120 
tion. The indoles of formula I, are well docu- 
mented in the literature and are useful for 
many purposes, for example, as intermediates 
in the preparation of amino acids, alkaloids 
and tryptamines. Thus, for example, indole, 125 
6-methoxyin<Jole and S-benzylojrj^indole can 
be utilized as intermediates in the preparation 
of tryptophan, reserpine and serotonin, respec- 
tively. 

The following Examples illustrate the in- X30 
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vention. All temperatures are in degrees Centi- 
grade. 

EXAAIPLE 1 

A one liter three-necked flask fitted witli 

5 a thermometer, a 15 on VIGREUX column 
conneaed to a descending condenser and a 
receiver with a nitrogen inlet was charged 
widi 137 g of f)-nitrotoluene, 191 g of NJ»<- 
diniethylformamide diethyl acetal and 235 ml 

10 of N,N-dimethvIformamide. The flask was 
immersed in a 'preheated oil bath which was 
maintained at 165^ for 24 hours. The pot 
temperature was maintained at 145 — 150° by 
continuous distillation of the ethanol formed. 

15 The volatile components were removed by 
vacuum distillation under an atmosphere of 
nitrogen. The remaining dark red liquid was 
dien transferred to a flask and distilled to 
yield 186 g (97 per cent) of /nw-i^-dimethyl- 

20 amino-2-niirostyrene as a dark red liquid 
having a boiling point of 125V0-^^3 mm. 
Anal. Calcd. for C^HieN^^O:;: 

C, 62.48; H,629; N,14.5S 
Found : 

25 Q 62.66; H, 6.63; N, 14.50 



Example 2 
In a one liter three-necked flask fitted with 
a thermometer, a vacuum-jacketed, silvered 
column with GOODLOE packing, distillation 

30 head and a receiver with a nitrogen inlet were 
placed 137.1 g of ti-nitrotoluene, 121.6 g of 
98 N,N-dimethylformamide dimethyl acetal 
and 200.0 g of N,N-dimethylformamide. The 
condensation mixuire was heated at reflux for 

35 24 hours. The temperature was maintained at 

135 155^> by continuous distillation of the 

methanol as it fonned. A total of 56.0 g of 
distillate was colleaed. 
By careful distillation, 2063 g of N,N- 

40 dimethylformamide (b.p. 51—55^/20 mm) 
and 13.0 g (10%) of o-nitrotoluene (b.p. 
109^/23 nun) were removed from the conden- 
sation mixture to give a residual dark liquid 
which, after distillation, yielded 167.0 g 

45 (S7- 0 of /r«7iw-6-dimethylamino-2-m*irosiy- 
rcne as a dark red liquid having a boiling 
point of 12SV0.O5 mm. 

Example 3 
A 50 ml glass-lined autoclave containing 
50 15.6 g of 95'/ N,N-dimediylformamide di- 
ethyl acetfU and 13.7 g of tf-m'trotoluene was 
pressurized with nitrogen in an autoclave to 
35 atmospheres and then heated to 155^ for 
24 hours. 

55 The resulting red soluuon was distilled from 
a 50 ml CLAISEN flask. The forerun (b.p. 
up to 60^/0.2 mm) was discarded. The red 
liquid distilling at 134— 136V0.25 mm 
amounted to 13.4 g (70%) of trans-p-di- 

60 methylamino-2-nitrostyrene. 



Example 4 
A solution containing 178,6 g of trans-ft- 
dimcthyIamino-2-nitrostyrene in 2.5 liters of 
benzene containing 2.0 'g of 10?o palladium 
on carbon was shaken in a 4 liter autoclave 65 
under an initial hydrogen pressure of 4-55 
atmospheres until the absorption of hydrogen 
ceased. The catalwt was removed by filtra- 
tion and was washed several times with ben- 
zene. The benzene solution was then extracted 70 
with three 600 ml portions of IN sulfuric 
acid and two 500 inl portions of water. The 
aqueous phases were back-washed in a 
countercurrent manner with 500 ml of ben- 
zene. The combined benzene phases were dried 75 
over a mixture of anhydrous sodium sulfate 
and potassium carbonate, filtered and evap- 
orated to give 96.0 g of a grepsh solid which, 
on rapid distillation under nitrogen, gave 91.3 
g of a slighdv j^ellowish solid having a melt- 80 
ing point of 51—53°. The distillate, on frac- 
donation, gave a total of 87.4 g (SOy,) of 
indole as a white soUd having a melting point 
of 52.5—53.5^, 



Example 5 85 
A) The preparation of the starting material: 
To a solution containing 15.3 g of 3- 
methy!-4-niirophenoI in 200 ml of absolute 
edianol stirred under nitrogen, 5.40 g of 
sodium methoxide were added o\^r a period 90 
of 15 minutes. The soludon was then stirred 
at reflux for 1.5 hours. Thereafter, 12.66 g 
of benzyl chloride were added dropwise and 
the reaction was maintained at reflux for 20 
hours. The ethanol was evaporated from the 95 
reaction mixture. To the residue were 
added 200 ml of ether and 100 ml of 
IN sodium hydroxide. The ether solution was 
washed with' an additional 100 ml of IN 
sodium hydroxide solution and then with 100 100 
ml of water. The aqueous phases were washed 
with three 300 ml portions of ether in a 
countercurrent manner. The combined aque- 
ous phases were acidified with phosphoric acid 
and extracted with three 200 mi portions of 105 
medivlene chloride. The combined methylene 
chloride layers were dried (Na,SO.,) and 
evaporated to dryness to give 2.8 g 
(1S=<.) of recovered 3 - methyl - 4 - 
nitrophenol. Tha ether extracts were 110 
dried (Na::SO.,) and evaporated to dr\'ness. 
The aqueous phases were discarded and the 
organic phases dried (Na-SO.,) and evapor- 
ated to dr\Tiess. The product was cr\-stallized 
from 75 ml of medianol yielding 15.1 g 115 
(62 ^-.) of 5-benz3-Ioxy-2-nitrotoluene as white 
needles having a nielting point of 70.5 — 
71.5^ 

Anal. Calcd. for CtHriNOnr 

C, 69.13; H,5.39; N,5.76 120 
Found: 

C, 69.34; H,5.44; N,5.69 



5 U76,966 5 



B) The condensation: 

A 100 ml three-necked flask fitted with a 
thermometer and a 15 cm VIGRUEX col- 
umn conneaed to a descending condenser and 

5 a receiver with a nitrogen inlet was charged 
with 24.32 g of 5-benzyIoxy-2-nitrotoluene, 
23.0 g of N^-dimethylformamide diethyl 
acetal and 25 ml of N,N-dimethylfonnamide. 
The flask was then immersed in an oil bath 

10 at 160*^ for 40 hours. The pot temperature 
was maintained above 140^ by continuous dis- 
tillation of the ethanol as it was formed. 

The volatile components were removed 
under reduced pressure on a rotary evapora- 

15 tor. Tlie red solid residue, crystallized from 
300 ml of ether and 25 ml of benzene, yielded 
23.3 g (78%) of /ra/i(r-5-benzyloxy-jg-di- 
methylamino-2-nitrost>Tene as red needles 
having a melting point of 97.5 — ^99**. 

20 Anal. Calcd. for CirHiaNoOj; 

C, 68.44; H,6.08; N,'9.39 
Found: 

C, 68.73; H,6.13; N,9.46 

Example 6 

25 A solution containing 15.0 g of h-ans-S- 
benzyloxy-je-dimethylamino-2-nitrostyrcne in 
250 ml of 80% ethanol (N,Nr-dimethyIform- 
amide) and 1 teaspoonful of RANEY nickel 
were shaken under a hydrogen atmosphere in 

30 a PARR apparams until hydrogen absorption 
ceased. The catalyst was removed by filtra- 
tion. The solvents were removed under a 
vacuum. The residue was sublimed and the 
sublimate was crystallized from ether/(peiro- 

35 leum ether) to yield 5.1 g (45%) of 5-ben2yl- 
oxyindole as white needles having a melting 
point of 103—105°. 

Example 7 
A 100 ml tliree-necked flask fitted with a 

40 thermometer and a 15 cm VIGREUX column 
connected to a descending condenser and a 
receiver witii a nitrogen inlet was charged 
with IS.l g of 3-mcthyl-4-nitroben2oic acid, 
37.6 g of N,N-dimethylformamide diethyl 

45 acetal and 25 ml of NjN-dimethylformamide. 
The flask was then immersed in an oil bath at 
100° for 4.5 hours. The pot temperature was 
maintained above 135° by condnuous distilla- 
tion of the ethanol formed during the con- 

50 densation. 

The volatile components were removed by- 
vacuum distillation. After trimration with pet- 
roleum ether, the residue crystallized to give 
18.5 g (70%) of /r^«j-3-Cie-dimethylamino- 

55 vinyl)-4-nitroben2oic acid ethyl ester as a red 
solid having a melting point of 55 — 56.5°. 
Anal. Calcd. for CiJi,,NoO,: 
C, 59.08; H, 6.10^ N, 10.60 
Found : 

60 C, 59.02; H, 6.00; N, 10.63 

Example 8 
A solution containing 7.5 g of <mw-3-(j8- 



dimethylaminovinyI)-4-nitrobenzoic acid ethyl 
ester in 250 ml of absolute ethanol and 715 
mg of 10% palladmm on carbon were shaken 65 
under 3.5 atmospheres of hydrogen in a PARR 
apparams until hydrogen absorption ceased. 
The catalyst was removed by filtration and the 
filtrate was dried. The residue was appUed 
to a column contaming 100 g of magnesia/ 70 
(silica gel). The fractions containing the pro- 
duct (eluted with benzene) were combined. 
Crystallization from ether/(petroleum edier) 
>nclded 2.1 g <39%) of 5-indolccarboxylic 
acid ethyl ester as white crystals having a melt- 75 
ing point of 95—96°. 
Anal. Calcd. for CuHixNOo: 

C, 69.82; H, 5.86; N, 7.40 
Found : 

Q 70.14; H,5.87; N,7.45 80 

EX.\MPLE 9 

A 250 ml three-necked flask fitted with a 
thermometer and a 15 cm VIGREUX column 
connected to a descending condenser and re- 
ceiver with a nitrogen inlet was charged with 85 
17.16 g of 2-chloro-6-nitrotoluenej 24 g of 
N,N-dimethylformamide diethyl acetal and 
100 ml of N,N-dimcthylformamide. The flask 
was immersed in an oil bath, preheated to 
160°, for 6 hours. The pot temperature was 90 
maintained at about 140° by continuous dis- 
tillation of the ethanol formed during the 
condensation. 

The volatile components were removed by 
vacuum distillation at 25°/3 mm and the pro- 95 
duct was distilled to give 20.2 g (89%) of 
ira?ts - 6 - chloro - j9 - dimethylamino - 2 - 
nitrostyrene as a dark red liqiud having a 
boiling point of JJ[l°/0.03 mm. 
Anal. Calcd. for CioHnClN.Oo: lOO 

C, 52.99; H, 4.89; CI, 15.67; N, 12.36 
Found: 

C, 53.18; H,4.57; CI, 15.75; N, 12.23 



Example 10 
To a solution containing 10.40 ^ of tratiS' 105 
/> - dimethylamino - 6 - cliloro - 2 - nitro - 
sivrcne in 250 ml of benzene in a 500 ml 
PARR bottle was added half a teaspoonful of 
RANEY-nickel. The suspension was shaken 
under an initial hydrogen pressure of 3.5 at- 110 
mospheres until the absorption of hydrogen 
ceased. The catalyst was removed by filtra- 
tion and was washed several times with ben- 
zene. Tl^e benzene filtrate was tbsn extracted 
widi three 75 ml portions of IM sulfuric acid 115 
and two 100 ml portions of water. The aque- 
ous phases were back-washed with 125 ml 
of benzene in a countercurrent manner. The 
combined benzene phases were dried (K3CO3), 
filtered, and evaporated to give 5.4 g of dark 120 
green oil which, on distillation, yielded 4.75 
g of a yellow liquid having a boiling point of 
ll6°/2 mm. After redistillation there were 
obtained 4.41 g (63%) of 4-chloroindole as a 
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slightly yellow liquid having a boiling point 
of nun. 

Example 11 
A 250 ml three-necked flask fitted with a 

5 thermometer and a 15 cm VIGREUX column 
connected to a descending condenser and re- 
ceiver with a m'trogen inlet was charged with 
34.3 g of 5-chloro-2-m*trotoluene5 55.0 g of 
85% NjN-dimethylformamide diethyl acetal 

10 and '200 ml of N,N-dimethylformamide. The 
flask was immersed in an oil bath, preheated 
to 160°, for 7 hours. The pot temperature 
was maintained above 146^ by continuous 
distillation of the ethanol formed. 

15 The volaule components were removed by 
vacuum distillation (70° bath/0.5 mm). The 
resulting dark red residue was crj'siallizcd 
from 275 ml of ether/(petroIeum edier) to 
give 332 g of red crystals having a melting 

20 point of 81.5—82.5°. From the mother liquor 
an additional 6.6 g of crystals having a melt- 
ing point of 78 — 81° were obtained Thus, 
the total yield of ton5-5-chloro-^-dimethyl- 
amino-2-nitrostyrene was 39.8 g (88%). 

25 Anal. Calc. for C,.,H„C1N.0. : 

C, 52.99; H,4.89; CI, 15.64; N, 12.36 
Found: 

Q 52.65; H,5.20; Q, 15.69; N,11.S9 



Example 12 

30 To a solution of 11.6 g of /r<?wr-5-chloro- 
)S-dimethylamino-2-nitrostyrcnc in 250 ml of 
benzene in a 500 ml PARR bottle was added 
half a teaspoonful of RANEY nickel. The 
suspension was shaken under an initial hydro- 

35 gen pressure of 3J atmospheres until the 
absorption of hydrogen had ceased The cata- 
lyst was removed by filtration and was washed 
several times with benzene. The benzene filt- 
rate was then extracted with two 100 ml por- 

40 tions of IN sulfuric acid, two 100 ml por- 
tions of water and 100 ml of 10% sodium 
bicarbonate solution. The aqueous phases were 
back-washed with 100 ml of benzene in a 
countercurrent manner. Tlic combined ben- 

45 zene phases were dried (NaaSO.,), filtered and 
evaporated to give 6.8 g of a greenish solid. 
Distillation yielded 6.26 g of an almost white 
solid which was dissolved in ether and per- 
colated through about a gram of alumina. 

50 After removal of the ether, the residue was 
crj'stallized from 30 mi of petroleum ether 
to give 6.0 g (78%) of 5-chloro2ndoIe as 
white plates having a melting pofnt of 71 — 
72°. 

55 Example 13 

In a 100 ml three-necked round-bottom 
flask fitted with a thermometer and a con- 
denser widi a nitrogen inlet were placed 
17.15 g of 4-chIoro-2-nitrotoluene and 18.00 

60 g of NJ»f-dimethylformamide diethyl acetal. 
The flask was immersed in an oil bath at 145° 



for 58 hours. After 24 hours an addidonal 
3 g of acetal were added. 

The volatile components were removed by 
vacuum distillation under m'trogcn undl the 65 
head temperature began to rise to 158°/0.09 
mm. Subsequent distillation gave 12.0 g 
(57'V.) of (rans - 4 - chloro - /? - dimethyl - 
amino-2-m*trostyrcne as a red liquid having 
a boiHng point of 158°/0.09 mm. 70 
Anal. Calcd for C...HnClN,0,: 

C, 52.99; H,4.89; CI, 15.63; N, 12.36 
Found : 

C, 5.1.96; H,4.89; 0,15.63; N, 12.30 

Example 14 75 
A solution of 4.50 g of /ra/w-4-chloro-^- 
dimediylamino-2-nitrost>Tene in 250 ml of 
absolute ethanol and 1 teaspoonful of RANEY 
nickel were shaken under a hydrogen atmos- 
phere until hydrogen absorption ceased. The 80 
catalyst was removed by filtration and the 
filtrate was evaporated. The residue was 
applied to a column containing 25 g of mag- 
nesia/^silica gel). The fractions containing the 
product (eluted widi 5% beiizene/hexanc) 85 
were combined Crvstallizadon from ben- 
zenc/hexane j-ielded * 1.59 g (52%) of 6- 
chlorolndcle as white crystals having a meltmg 
point of 89—89.5°. 

Example 15 90 
A 500 ml three-necked flask fitted with a 
thermometer and 15 cm VIGREUX column 
connected to a descending condenser with^ a 
receiver and m'trogen inlet was charged with 
33.0 g of 5-nitrop3eudocumene5 48.3 g of 95 
N,N-dimethvIform.amide diethyl acetal and 
200 ml of N,N-dimeihylformamide. The 
flask was immersed in an oil bath, preheated 
to 165°, for 31 hours. The pot temperature 
was maintained above 140° by continuous 100 
distillation of the ethanol formed. 

The volatile components were removed by 
vacuum distillation at 25°/0.5 mm. The resi- 
due was triturated with methanol and the in- 
soluble material crystallized from 600 ml 105 
of methanol to give 25.5 g (587;) of frans-p- 
dimedivlamino - 2,5 - dimediyl - 4 - nitro - 
stj-rene as dark red needles having a melting 
point of 130—131°. 

Anal. Calcd. for CicHx.N.O.: 110 

C, 65.43; H,7.32; N, 1*2.72 
Found ; 

C, 65.17; H,729; N, 12.88 

Tlic methanol triturate was evaporated and 
the residue digested with petroleum ether (20 115 
XlOO ml). The petroleum ether extracts 
yielded 14.5 g of a red solid (/?-dimethyl- 
amino - 4,5 - dimethyl - 2 - nitrostyrene con- 
taminated with a small amount of )8-dimethyl- 
nmino - 2,5 - dimetiiyl - 4 - nitrostyrene) 120 
which, after dissolution in 50 ml of ethanol, 
was added to a solution of 140 g of ferrous 
sulfate heptahydratc, 500 ml of water and 
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85 ml of concentrated ammonia. The result- 
ing mixture was heated at reflux for 15 min- 
utes and the precipitate which formed was 
removed by filtration. The filtrate was con- 

5 centrated by evaporation and then extracted 
with three 200 ml portions of carbon tetra- 
chloride. The combined organic phases were 
dried (NaaSO*^ filtered and evaporated. The 
residue was pmolated through a dry column 

10 of alumina with 5% benzene/hexane. The 
fractions were combined and the solvents re- 
moved to give 450 mg of a white solid. The 
material was crystallized from 8 ml of petro- 
leum ether to give 277 mg of 556-dimethyl- 

15 Indole as white needles having a melting point 
of 64.5— 65.5<». 

Example 16 
A 250 ml three-necked fiask fitted with a 
thermometer and a 15 cm VIGREUX column 

20 connected to a descending condenser and re- 
ceiver with a nitrogen inlet was charged with 
20.00 g of 5-fluoro-2-nitrotoluene, 56.0 g of 
85% N,N-dimethylformanude diethyl acetal 
and 100 mi of N,N-dimethylfonnamide. The 

25 fiask was immersed in an oil bath, preheated 
to 160®, for 3.5 hours. The pot temperature 
was maintained above 140® by continuous dis- 
tillation of the ethanol formed. 
The volatile components were removed by 

30 vacuum distilladon at 25®/0.5 mm and the 
residual dark red solid was crystallized from 
70 m! of ether/(peiroleum ether) to give 20.55 
g of red needles having a melting point of 
52 — 55®. The mother liquor, after removal 

35 of the solvents and distillation, yielded an 
additional 424 g of red solid having a melt- 
ing point of 56 — 58®. The total yield was 
24.79 g (92%). A portion of the material 
was recrystallized to give fra«^-)&-dimethyl- 

40 amino - 5 - fluoro - 2 - nitrostyrene as red 
crystals having a melting point of 56 — 58®. 
Anal. Calcd. for CioH„FN«0«: 

C, 57.14; H,5.28; F,9.03; N, 13.32 
Found: 

45 C, 57.05; H, 5.36; F, 8.72; N, 13.39 

Example 17 
To a solution of 10.51 g of trans-p'^- 
methylamino - 5 - fluoro - 2 - nitrostyrene in 
250 ml of benzene in a 500 ml PARR bottle 

50 was added half a teaspoonful of RANEY 
nickel. The suspension was shaken under an 
initial hydrogen pressure of 3.5 atmospheres 
unul the absorption of hydrogen ceased. The 
catalyst was removed by filtration and washed 

55 several times with benzene. The benzene filt- 
rate was then extracted with two 100 nil 
portions of IM sulfuric acid, two 150 ml 
portions of water and 150 ml of 10% sodium 
bicarbonate solution. The aqueous phases were 

60 back-washed with 100 ml of benzene in a 
countercurrent manner. The combined ben- 
zene phases were dried (NajSO^), filtered and 
evaporated to give 523 g of a brown solid. 



Distillation (b.p. 85®/0.5 nun) yielded 5.01 
g of a yellowish solid which, upon orystalliz- 65 
ation ixom pentane, yielded 2.36 g of 5- 
fluoroindole as white leaflets having a mclung 
point of 46.5—47°. The mother liquor was 
percolated through 10 g of ahmiina and the 
product eluted with ether. Sublimation of this 70 
material gave an additional 1.07 g of pro- 
dua having a melting point of 46—47®. Thus, 
the total yield was 3.44 g (51%). 

Example 18 
A 250 ml three-necked flask fitted with a 75 
thermometer and a 15 cm VIGREUX colunm 
conneaed to a descending condenser and re- 
ceiver with a nitrogen inlet was charged with 
11.18 g of 4-meihyl-3-mtroben2aldehyde di- 
metliyl acetal, 11.8 g of N,N-dimethylform- 80 
amide diethyl acetal and 50 ml of N,N-di- 
methylformamide. The flask was immersed in 
an oil bath, preheated to 160®, for 8 hours. 
The pot temperature was maintained above 
140® by continuous distillation of the etiianol 85 
formed. 

The volatile components were removed by 
vacuum distillation at 25®/0.5 mm. The dark 
red solid residue v/as triturated with cold 
methanol. The remaining solid was crystallized 90 
from 30 ml of ether/pentane to yield 7.22 g 
of Irons - 4 - (/Sf.- dimethylaminovinyl) - 3 - 
nitrobenzaldehyde dimethyl acetal having a 
melting point of 67 — 68.5®. The residue, ob- 
tained after evaporation of the mother liquor, 95 
was crystallized from 5 ml of ether/pentane 
to give an additional 0.57 g of product hav- 
ing a melting point of 66.5 — 68.0®. Thus, the 
total yield was 7.79 g (55%). 
Anal. Calcd. for CiaHi.NsO*: 100 

C, 58.63; H,6.81; N, 10.52 
Found: 

C, 58.69; H,6.75; N, 10.40 

Example 19 
To a solution containing 5.31 g of trans- 105 
4 - C/3 - dimethylaminovinyl) - 3 - nitrobenz - 
aldehyde dimethyl acetal in 250 ml of benzene 
in a 500 ml PARR bottic was added half a 
teaspoonful of RANEY nickel. The suspension 
was shaken under an im'tial hydrogen pressure 110 
of 3 J atmospheres until the absorption of 
hydrogen ceased. TKe catalyst was removed by 
filtration and was washed several times with 
benzene. The residue, obtained by tiic evap- 
oration of the benzene filtrate, was chromato- 115 
graphed on 150 g of alumina. The fractions 
eluted with 20% benzene/hexane followed by 
ether were combined and rechromatographed 
on 300 g of alumina. The fractions eluted with 
ether were combined (1.33 g) and crystallized 120 
from etiier/pentane to give 0.76 g (26%) of 6- 
formylindole liavlns a melting point of 127 — 
128.5®. 

Example 20 
To a solution containing 6.65 g of trans- 125 
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4 - (j8 - dimethylaminovinyl) - 3 - nitrobenz - 
aldehyde dimethyl acetal in 125 ml of benzene 
were added 1.0 g of potassium carbonate and 
0332 g of 107.; palladium on carbon. The 

5 suspension was stirred under an atmosphere 
of hydrogen. After the hydrogen absorption 
ceasedj the catalyst was removed by filtration 
and was washed several times with benzene. 
Evaporation of the filtrate gave 4.95 g of resi- 

10 due which, on shon-path distillation, yielded 
1.74 g of a purplish oil which cr}'Stallized on 
cooling. CrystalUzadon of this solid from 10 
ml of ether/(petroleum etlier) yielded 1.18 g 
of a wliite soUd having a melting point of 

15 62—63.5'^. The mother liquor was applied 
to 10 g of alumina and an additional 0.52 g 
of the same product was eluted with 1:1 
ether/(petroIeum ether). Recrystallization from 
ether/fpctroleum ether) yielded 1.34 g (317:) 

20 of 6-formylindole dimethyl acetal having a 
melting point of 62 — 63.5®. 
AnaJ. Calcd. for CnHnNO.: 
Q 69.09; H, 6.35; N, 7.33 
Found: 

25 Q 69.22; H, 6.76; N, 7.34 

ESAMPLE 21 

In a 100 ml three-necked flask fitted with 
a thermometer and 8 cm VIGREUX distil- 
lation head connected to a descending con- 

30 denser and receiver with a nitrogen inlet were 
placed 17.9 g of 2-nitro-/>-cymene, 17.9 g of 
NjX-dimethylformamide dimethyl acetal and 
25 ml of N,N-dimethyIformaniide. The flask 
v/as immersed in an oil bath at 150® for 42 

35 hours during which time 8 ml of methanol 
distilled. The contents of the flask were trans- 
ferred to a CLAISEN flask. Vacuum distilla- 
tion, after removal of the more volatile com- 
ponents up to 130^/0.06 mm, afforded 19.61 

40 g (o4%) of tram - (3 - dimeihylamino - 4 - 
/5f?propyl-2-nitrostyrene as a red liquid (b.p. 
138—140^/0.06 mm). An anal>tical sample 
obtained from a previous experiment gave: 
Anal. Calcd. for CxnHnN.O^: 

45 0,66.64; H,7.74; N, 11.95 
Found : 

Q66.69; H,7.S9; N, 11.95 

EXA.MPLE 22 
A solution containing 11.71 g of trans-p- 

50 dimethylamino - 4 - ?Vopropyl - 2 - nitrosty - 
rene in 125 ml of benzene and 0.234 g of 
lO'-'o palladium on carbon were stirred under 
a hydrogen atmosphere. After hydrogen ab- 
sorption ceased, the catalyst was remo\'ed by 

55 fihratiou and was v/ashcd several times with 
benzene. The benzene filtrate was then ex- 
tracted with two 50 ml portions of IN sul- 
furic acid, 100 ml of water and 50 ml of 
10% sodium bicarbonate solution. The aque- 

60 ous phases were back-washed wiUi 100 ml of 
benzene in a coujitercurrent manner. The com- 
bined benzene phases were dried CNajSO-t), 
filtered, and evaporated to give 7.47 g of a 



green semi-solid. Trituration of this material 
with three 20 ml portions of ether gave 6.8 g of 65 
an ether-soluble green liqmd which was dis- 
tilled (b.p. 79—87^/0.05 nun). Cr>'StalUza- 
tion of the \-elIow distillate from pentane 
yielded 4.04 g (51V:) cf 6-/fopropylindole 
having a melting point of 40 — 41**. 70 
Anal. Calcd. for Cj,Hir.N: 

C, 82.97; H,8.23; N,8.80 
Found: 

C, 83.20: H,8.23; X,S.91 

EX.AMPLE 23 75 
In a 250 ml three-necked flask fitted with 
a thermometer, a 15 cm VIGREUX column 
connected to a descending condenser and a 
receiver with a nitrogen inlet were placed 
25.1 g of 4 - methyl - 3 - nitro - anisole, 80 
42.0 g of 88 ''n N,N-dimethylfonnamide di- 
ethyl acetal and 150 ml of N,N-dimethyl- 
formamide. The flask was inunersed in an oil 
hith, preheated to 165°, for 70 hours. The 
pot temperature was maintained above 140° 85 
by continuous distillation of the eihanol 
formed. 

Tlie vohtile components were removed by 
vacuum distillation under nitrogen until the 
head temperature rose above 95°/0.05 mm. 90 
The remaimng dark liquid was then trans- 
ferred to a CLAISEN flask and distilled to 
yield 21.2 g (64*^0) of /raiw-^-dimethylamino- 
4-methos\-2-nitrost>Tene as a dark red liquid 
having a boiling point of 152°/0.06 mm. 95 
Anal. Calcd. for CHmN.O.: 

C, 59.45; H,6.35; N, 12.60 
Found : 

C, 59.68; H,6.53; N, 12.64 

Example 24 100 
To a solution of 13.478 g of trans-P-dl- 
methvlamino - 4 - methoxy - 2 - nitrostyrene 
in 250 ml of benzene in a 500 ml PARR 
bottle was added half a teaspoonful of 
RAS^Y mckel. The suspension was shaken 105 
under an initial hydrogen pressure of 3.5 
atmospheres until hydrogen absorption ceased. 
The catalyst was removed by filtration and 
was washed several times with benzene. The 
benzene filtrate was then extracted with two 110 
100 ml portions of IM sulfuric acid, two 100 
ml portions of water and 100 ml of 10% 
sodium bicarbonate solution. The aqueous 
phases were back-washed with 100 ml of ben- 
zene in a couniercurrent manner. The com- 115 
bined benzene phases were dried (NaoSO^), 
filtered and evaporated to give 6.7 g of a 
yellowish solid which, on distillation, yielded 
5,64 g (63^..) of 6-nietho.xyindole as an almost 
white solid having a melting point of 88 — 120 
90^. 

Example 25 
A 250 ml rfirce-necked flask fitted with a 
tiiermometer and a 15 cm VIGREUX column 
conneaed to a descending condenser and re- 125 
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cdver with a nitrogen inlet was charged with 
16.7 g of 5-methoxy-2-nitrotoluene, 32.3 g of 
NjN-dimethylformamide diethyl acctal and 
100 ml of N,N-dimethylformamide. The flask 

5 was then immersed in an oil bath, preheated 
to 165°, for 22 hours. The pot temperature 
was maintained above 140° by continuous 
distillation of the ethanol formed. 
The volatile components were removed by 

10 vacuum distillation at 25°/0.5 mm. The re- 
sulting dark red solid residue was crystallized 
from 100 ml of ether and 75 ml of petroleum 
ether and yielded 17.0 g of ^ra/w-^-dimethyl- 
amino - 5 - methoxy - 2 - nitrostyrene as red 

15 crystals having a melting point of 67.5 — 
69.5°. The residue, obtamed after evapora- 
tion of the mother liquor, was triturated with 
10 ml of ice-cold methanol. Reaystallization 
of the resulting solid (2.8 g) from 10 ml of 

20 methanol gave an additional 2,7 g of product 
having a melting point of 6S^69^, Thus, the 
total yield was 19.7 g (89%). 
Anal. Calcd. for CmH^N^Os: 
C, 59.45; H,6.35; N, 12.60 

25 Found : 

C, 59.53; H,6.39; N, 12.65 

Example 26 
To a solution containing 11.11 g of trans- 
p - dimethylamino - 5 - methoxy - 2 - 

30 nitrostyrene m 250 ml of benzene in a 500 ml 
PARR bottle were added 230 mg of 10% pal- 
ladium on carbon. The suspension was shaken 
under an initial hydrogen pressure of 3.5 
atmospheres until the absorption of hydrogen 

35 had ceased. The catalyst was removed by 
filtration and was washed several times with 
benzene. The benzene filtrate was then ex- 
traaed with two 100 ml portions of IM sul- 
furic acid, two 100 ml portions of water and 

40 100 ml of 10% sodiimi bicarbonate solution. 
The aqueous phases were back-washed with 
100 ml of benzene in a countercurrent man- 
ner. The combined benzene phases were dried 
(Na-SOi), filtered and evaporated to give 

45 5.45 g of a brown solid. Distillation yielded 
5.26 g (72%) of 5-methoxyindole as a slightly 
yellowish liquid having a boiling point of 
108°/0.3 mm which crystallized on cooling 
to an off-white solid having a melting point 

50 of 56—57°. 

EX.\MPL£ 27 

A) The preparation of the starting material : 
A solution containing 75.0 g of piperonal, 
200 ml of glacial acetic acid and 1 ml of 

55 concentrated hydrochloric add was shaken 
with 4 g of 10% palladium on carbon in an 
autoclave under an initial hydrogen pressure 
of 35 atmospheres until hydrogen absorption 
ceased. The catalyst was removed by filtra- 

60 don. 

The filtrate was transferred to a three- 
necked flask fitted with a thermometer, mech- 
anical stirrer and a dropping funnel. A solu- 



tion containLng 80.0 ml of concentrated nitric 
add in 200 ml of glacial acetic acid was 65 
added to the reaaion vessel with stirring over 
a period of 1 hour. The reaction vessel was 
maintained below 10^ by means of an ice- 
acetone bath. After the addidon was com- 
plete, the reacuon mixture was allowed to 70 
reach room temperature and was then poured 
over a mixture of sodium hydroxide and ice. 
The resulting suspension was extracted with 
four 1000 nil portions of methylene chloride. 
The combined orgam'c phases were dried 75 
(Na;.SO.|), filtered and evaporated to give a 
vellow solid which, after crystallizadon from 
300 ml of ethanol, gave 76.5 g (84%) of 4,5- 
meihylenedioxy - 2 - nitrotoluene as yellow 
needles having a melting point of 85—86.5°. 80 

B) The condensadon: 

A 250 ml three-necked flask fitted with a 
thermometer and a 15 cm VIGREUX column 
connected to a descending condenser with a 
receiver and a nitrogen inlet was charged 85 
with 18.1 g of 4,5-methylenedioxy-2-m*tro- 
toluene, 20 g of N,N-dimethyIformamide di- 
ethyl acetal and 100 ml of N,N-dimethylform- 
amide. The flask was immersed in an oil bath 
at 165° for 17.5 hours. The pot temperature 90 
was maintained above 140° by continuous dis- 
ullation of the ethanol formed. 

The volatile components were removed by 
vacuum distillation at 25°/0.05 mm. The 
residue was crystallized from 300 ml of 95 
ethanol to give 17.0 g (72%) of /row-^-di- 
methylanuno - 4,5 - methylenedioxy - 2 - 
nitrostyrene as red-brown crystals having a 
melting point of 114 — 116°. 
Anal. Calcd. for C„Hi.N«04: 100 

C, 55.93; H, 5.12; N/I 1.86 
Found: 

C, 56.09; H,5.17; N, 11.56 

Example 28 
A solution containing 11.83 g of trans-fi- 105 
dimethylamino - 4,5 - methylenedioxy - 2 - 
nitrostyrene in 250 ml of benzene was shaken 
with 1 teaspoonful of RANEY nidcel under 
an initial hydrogen pressure of 3.5 atmos- 
pheres until hydrogen absorption ceased. The 110 
catalyst was removed by filtration and washed 
several times v/ith benzene. The filtrate and 
washings were washed with two 100 ml por- 
tions of IM sulfui-ic acid, 100 ml of water 
and 100 ml of 10% sodium bicarbonate. The 115 
combined organic phases were dried (NajSCj), 
filtered and evaporated to give 5.52 g of a 
brown solid. A solution of the residue in ben- 
zene was percolated through a column of alu- 
mina. The eluate, after evaporation of the 120 
solvent, was sublimed at 110° /0.2 mm to give 
52 g of a white solid which, upon crystalliz- 
ation from (methylene chloride)^exane, 
yielded 4.50 g. (50%) of 5,6-methylencdioxy- 
indole as white needles having a melting point 125 
of 109.5—110.5°. 
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Example 29 
A 250 ml three-necked flask fitted with a 
thermometer and a 15 cm VIGREUX column 
connected to a descending condenser and re- 
5 ceiver with a nitrogen inlet was charged with 

15.22 g of 3-nitro-a-x>»Iene, 20.00 g of N,N- 
dimethylfonnamide diediyl acetal and 100 ml 
of NjN-dimethylformamide. The flask was 
immersed in an oil bath, preheated to 160°, 

10 for 24 hours. The pot temperature was main- 
tained above 140° by continuous distillation 
of the ethanol formed. 

The volatile components were removed by 
vacuum distillation until the head temperature 
15 began to rise above 90°/0.1 mm. Further dis- 
tillation yielded 14.54 g (70%) of trans-p- 
dimethylamino - 6 - methyl - 2 - nitrostmne 
as a dark red liquid having a boiling point 
of 108 V0.05 mm. 
20 Anal. Calcd. for CnH„N,Os: 
Q 64.06; H,6.84; N,13J8 
Found: 

C, 63.79; H,7.28; N, 13.71 

Example 30 

25 To a solution containing 9.327 g of trans- 
fi - dimethylamino - 6 - methyl - 2 - nitro - 
st\T:enc in 250 ml of benzene in a 500 ml 
PARR bottle was added half a teaspoonful of 
RANEY nickel. The suspension was shaken 

30 under an initial hydrogen pressure of 3.5 at- 
mospheres until the absorption of hydrogen 
had ceased. The catalyst was removed by filt- 
ration and washed several times with benzene. 
The benzene fikrate was then extracted with 

35 two 100 ml portions of IM sulfuric acid, 
two 100 ml portions of water and 100 ml of 
10% sodium bicarbonate solution. The aque- 
ous phases were back-washed with 150 ml of 
benzene in a countercurrent maimer. The 

40 combined benzene phases were dried 
(Na.SOO, filtered and evaporated to give 3.89 
g of a brown oil which, after two distillations, 
yielded 3.37 g (57%) of 4-methylindole as a 
yellow liquid having a boiling point of 82^/ 

45 0.4 mm. 

Example 31 
A 500 ml three-necked flask fitted witli a 
thermometer, a 15 cm VIGREUX column 
connected to a descending condenser and re- 
50 ceiver with a nitrogen inlet was charged with 

30.23 g of 2-nitro-wi-xylene, 64.77 g of N,N- 
dimethvlformamide diethyl acetal and 200 
nil of NJ^^-dimethyIformamide. The flask was 
then immersed in an oil bath, preheated to 

55 165^ for 46 hours. The pot temperature was 
maintained above 140^ by continuous distil- 
lation of the ethanol formed. 

The volatile components were removed by 
vacuum distillation at 25°/0.5 mm. The re- 

60 suiting dark red liquid residue was distilled 
under a vacuum, the forerun (15.32 g, b.p. 
93 — 99°/0.02 mm) was a mixture of trans- 
P - dimethylamino - 3 - methyl - 2 - nitro - 



styrenc and 2-nitro-w-.^'lene (ratio of 3:5 
respectivelv). Subsequent fraaions pelded 65 
16,60 g (40?v.) of /m/2y-i5-dimcihyIamino-3- 
methvl - 2 - nitrostjTcne as a red liquid (b.p. 
116-^117^/0.04 mm) which cr>^tallized on 
coolin? and had a melting point of 75 — 77°. 
Anal. Calcd. for C„H:,N,0,: 70 

C,4.06; H,6.S4; N, 13.58 
Found : 

C, 63.95; H,6,70; N, 13.37 

Example 32 
To a solution containing 10.31 g of trans- 75 
p - dimethylamino - 3 - methyl - 2 - nitro - 
styrene in 250 ml of benzene were added 103 
mg of 10;' palladium on carbon. The sus- 
pension was shaken under an initial hydrogen 
pressure of 3.5 amiospheres until the absorp- 80 
don of hydrogen had ceased. The catalyst was 
removed by fihration and was unshed several 
times with benzene. The benzene filtrate was 
then extracted with two 100 ml portions of 
IM sulfuric acid, 100 ml of water and 100 85 
ml of 10 V. sodium bicarbonate solution. The 
aqueous phases were back-washed with 100 
ml of benzene in a countercurrent manner. 
Tlie combined benzene phases were dried 
(Xa,.SO,), filtered and evaporated to give 90 
4.628 g of residue which, on distillation under 
a vacuum, gave 4.203 g (b.p. 109°/0.9 mm) of 
a light tan solid. Filtration of the distillate 
through 50 g of alumina and crj'Stallization 
from 30 ml of ether/(petroleum ether) gave 95 
3.15 g (48 per cent) of 7-methylindole as 
white cr\-stals having a mcldng point of 83 — 
84°. 

Example 33 

A 1 liter three-necked flask fitted with a 100 
thermometer and a 15 cm VIGREUX column 
connected to a descending condenser with a 
receiver and m'trogcn inlet was charged with 
98.6 g of 4,5-dimethoxy-2-nitrotoluene, 500 
ml of 'N,N-'dimethylformamide and 120 g of 105 
N,N-dimethylformamide dimethyl acetal. The 
temperature 'was maintained at 140° for 42 
hours. The volatile compounds were removed 
by vacuum distillation at 25*^/0.1 mm to give 
a solid residue of crude trans-^-dimethyl- 110 
amino-4,5-dimethoxy-2-nitrostyrene. 

From a previous experiment, an analjiical 
sample of trans - /? - dimethylamino - 4,5 - 
dimethoxT-2-m'trost\TCne, a red solid, m.p. 
125— 126^ was obtained by cr}'Stallization 115 
from methanol. 

Anal. Calcd. for C„H:.:N,0,: 

C, 57.13; H,6.39; N, 11.11 
Found : 

C, 57.47; H, 6.65 ; N, 1 1.35 120 

Example 34 
To a solution of the crude trans-P-dA- 
methylamino - 4,5 - dimethoxy - 2 - nitrosty^ - 
rene obtained according to Example 33 in 
2,0 liters of benzene were added 10 g of 125 
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10% palladium on carbon and the suspension 
was shaken under an initial hydrogen pressure 
of 7 atmospheres. After hydrogen absorption 
ceased (3 equivalents), the catalyst was fil- 

5 tered and washed with 2 liters of benzene. 
The combined filtrate and washings were con- 
centrated to 2 liters in vacua and the organic 
phase washed with three 300 ml portions of 
IN sulfuric acid, 200 ml of IN sodium hyd- 

10 roxidc and 200 ml of water. The aqueous 
phases were back-washed in a coimtercurrent 
naanner with 500 ml of benzene. The com- 
bined organic phases were dried (Na2S04) and 
filtered through 280 g of silica gel. The filt- 

15 rate was evaporated and the residue triturated 
with ether. The residual white solid was crys- 
tallized from 700 ml of benzene to give (in 
two crops) 24.5 g (2S%) of 5,6-dimethoxy- 
indole as white crystals, m.p. 154 — 155**. 

20 Example 35 

In a 1 liter three-necked flask fined with a 
thermometer and 8 cm VIGREUX distilla- 
tion head connected to a descending conden- 
ser and receiver with a nitrogen inlet were 
25 placed 87.3 g of 4,5-dibenzyloxy-2-nitrotolu- 
ene, 38.0 g of N,N-dimethylformanudc di- 
methyl acetal and 250 ml of N,N-dimethyl- 
formamide. The solution was heated at 140^ 
for 48 hours with continuous removal of the 
30 methanol as it formed. The volatile compon- 
ents were removed by vacuum distillation 
(bath temperature 65°/0.1 mm). Crystalliza- 
tion of the residue from methanol (2.5 liters) 
^ yielded (two crops) 86.8 g of a red solid, 
35 m.p. Qg^lOO'^*. 

An analytical sample, obtained from a 
previous experiment, was charaacrized as 
tram - 4,5 - dibenzyloxy - p - dimethyl - 
amino-2-m*trostyrene, m.p. 99.5 — 101°. 
40 Anal. Calcd, for C^,U.,N-.0,: 
Q 71.27; H,5.98; N, 6.93 
Found: 

Q 71.09; H, 6.30; N, 6.83 

Example 36 

45 To a solution of 10.11 g of />w/5-4,5-di- 
benzyloxy - ;8 - dimethylamino - 2 - nitro - 
styrene in 250 ml of benzene in a 500 ml 
PARR bottle was added a tcaspoonfui of 
RANEY m'ckel. The suspension was shaken 

50 under an initial hydrogen pressure of 3.5 at- 
mospheres until the absorption of hvdrogen 
ceased. The catalyst was removed by filtration 
and washed several times with benzene. The 
benzene filtrate was extracted with three 100 

55 ml portions of IN sulfuric acid, 250 ml of 
water, three 100 ml portions of IN sodium 
hydroxide and 250 ml of water. The aqueous 
phases were back-washed in a countercurrent 
manner with 100 ml of benzene. 

60 The combined organic phases were dried 
(NaaSOJ, filtered and evaporated to give 7.67 
g of a brown solid which was dissolved in a 
minimum amount of benzene and chromato- 



graphed on 40 g of silica gel prepared in hex- 
ane. Eluted fraaions [benzene/hexane (1 : 1)] 65 
were pooled according to thin layer chromato- 
graphy. Evaporation of the solvents and re- 
crystallization of the residue (5.8 g) from ben- 
zene/hexane yielded 4.34 g (54%) of 5,6-di- 
benzyoxyindole as white needles, m.p. 112— 70 
113^ 

Example 37 
A 100 ml three-necked flask fitted with a 
reflux condenser with a nitrogen inlet was 
charged with 8.25 g of 4-methyI-3-nitrobenz- 75 
aldehyde, 11.1 g of N,N-dimethylformamide 
diethyl acetal and 50 ml of N,N-dimcthyl- 
formamide. The flask was immersed in an 

011 bath, preheated to 145°, for 45 minutes. 

The volatile components were removed by 80 
vacuum distillation at 25^/0.5 mm. The dark 
red residue was triturated three times with 
10 ml of petroleum ether. The solid residue 
gave, on crystallization from methanol, 5.47 g 
and, on recrystallization from 100 ml of 85 
(methylene chloride)/ether, 4.61 g of trans- 
4 - (^ - dimethylaminovinyl) - 3 - m'tiobenz - 
aldehyde as red crystals having a melting 
point of 134— 136°. The residue obtained 
from the mother liquors was crystallized from 90 

12 ml of ethyl acetate to give an additional 
221 g of product havmg a melting point of 
134— 136«>. Thus, the total yield was 6.81 g 
(62%). 

Anal. Calcd. for CnHi..N..O., : 95 

0,59.99; H,5.49; N, 12.72 
Found: 

Q6023; H,522; N, 12.66 

Example 38 
In a 100 ml three-necked flask fitted with 100 
a tiiermometer and 8 cm VIGREUX distilla- 
tion head connected to a descending condenser 
and receiver with a nitrogen inlet were placed 
6.85 g (0.05 mol) of <7-nitrotoIuene, 7.25 g 
(0.05 mol) of N-formylpyrrolidine dimethyl 105 
acetal and 25 ml of N,N-dimethylformaniidc^ 
The flask was immersed in an oil bath at 160** 
for 1 hoiir during which time 2.8 ml of meth- 
anol distilled. Volatile components were re- 
moved by vacuimi distillation from a 110 
CLAISEN flask. A portion of the residue 
was distilled with panial decomposition in a 
short-patii distillation flask (bath 150^/0.1 
nmi). The distillate was then vaporized twice 
in a molecular still (bath 110^0.04 nmi), 115 
discarding a small amount of fore-run each 
time. In this way, 560 mg of analytically pure 
trans - 2 - nitro - ^ - pyrrolidlnostyrcne were 
obtained as a red liquid* 

Anal. Calcd. for dsHuNoO.: 120 

C, 66.03; H,6.47; N, 12.84 
Foimd: 

Q 65.89; H,6.45; N, 12.79 

Example 39 
To a 100 ml three-necked flask fined with 125 
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a thermometer and 8 an VIGREUX column 
connected to a descending condenser and re- 
ceiver with a nitrogen inlet were added 13.7 
g (0.10 mol) of o-m'trotoluene, 16.0 g (0.11 

5 mol) of N-formylpynolidine dimethyl acetal 
and 50 ml of N^-dimethylformamide. The 
solution was then heated to 130— 150^=* for 
1.5 hours, maintaim'ng the temperature by 
condnuous distillation of the methanol whidi 

10 formed during the condensation. 

Removal of the volatile components by 
vacuum distillation (bath 50°/l nam) gave 
crude trans - 2 - nitro - /? - pyrrolidinosty - 
rene as a red liquid. 

15 The produa was dissolved in 100 ml of 
benzene and the solution shaken in a hydro- 
gen atmosphere with 440 mg of 10?b palla- 
dium on charcoal at an initial pressure of 3.5 
atmospheres until hydrogen absorption ceased 

20 (3 equivalents). The catalyst was removed by 
filtration through a bed of diatomaceous silica 
and was washed with three 50 ml portions 
of benzene. The filtrate was then extracted 
consecutively with two 200 ml portions of 

25 IM sulfuric acid, two 200 ml portions of 
water and 100 ml of IM sodium carbonate. 
The aqueous phases were back-washed in a 
countercurrent 'manner with two 200 ml por- 
tions of benzene. The combined organic 

30 phases were dried (Na.SO^), filtered and 
evaporated (rotary evaporator) to give 11.0 g 
of a greenish solid which, on distillation, 
afforded 9.61 g (82%) of indole, b.p. 78°/ 
0.3 mm, m.p. 50— 5L5<*. 

35 Example 40 

In a 100 ml three-necked flask fitted with 
a thermometer and 8 cm VIGREUX distil- 
lation head connected to a descending con- 
denser and receiver with a nitrogen inlet were 

40 placed 6.85 g of o-nitrotoluene, 8.76 g of 
N-formylpiperidine dimethyl acetal and 25 
ml of N,N-dimethyIformamide. The flask was 
immersed in an oil bath at 150° for 7 hours 
during which time 4 ml of methanol distilled. 

45 Vacuum distillation from a CLAISEN flask 
afforded, after removal of the volatile com- 
ponents, three fractions: 2.86 g (b.p. 114— 
145°/0.06 mm), 0.73 g (b.p. 145— 146V0-0^ 
mm) and 5.35 g (b.p. 146—14770.07 mm). 

50 The last fraction was analytically pure irans- 
2-nitro-j8-piperidinost}Tene. 
Anal. Calcd for CaHi^NeO.: 

C,6722; H,6.94; N, 12.06 
Foimd: 

55 Q 67.03; H,7.08; N, 12.06 

Example 41 
In a 100 ml three-necked flask fitted with 
a thermometer and 8 on VIGREUX distilla- 
tion head connected to a descending conden- 
60 ser and receiver with a nitrogen inlet were 
placed 13.40 g (0.10 mol) of i>-nitrotoluene, 
13.40 g (0.10 mol) of N-formylpiperidine di- 
methyl acetal and 25 ml of N,X-dimethyl- 



formamide. The solution was then heated to 

130 150° for 3 hours allowing the methanol 65 

to distil as it formed. Removal of the vola- 
tile components by vacuum distillation (water 
bath at 60°/0.5 mm) afforded crude trans- 
2-nitro-^-piperidinostyrene as a red liquid. 

The crude /ra«j-2-nitro-^-piperidinosty- 70 
rcne was dissolved in 250 ml of benzene, 
0.460 g of 5% palladium on charcoal were 
added and die suspension was shaken under 
an initial hydrogen pressure of 3.5 atmos- 
pheres until tiie absorption of hydrogen ceased 75 
(3 equivalents). The catalyst was removed by 
filtration and was washed several times with 
benzene. The filtrate was extracted with three 
100 ml portions of IM sulfuric acid, 100 ml 
of water, two 100 ml portions of IN sodium 80 
hydroxide and 100 ml of water. The aqueous 
phases were back-washed in a countercurrent 
manner with 100 ml of benzene. The com- 
bined organic phases were dried (NajSO.,), 
filtered and evaporated to give 9.06 g of a 
brown solid. Distillation in a CLAISEN flask 
gave 7.66 g (70%) of indole, b.p. 60—65°/ 
0.06 mm, b.p. 44— 49«>. 



Example 42 

To a 100 ml three-necked flask fitted with 90 
a thermometer and 8 cm VIGREUX column 
connected to a descending condenser and re- 
ceiver with a nitrogen inlet were added 8.35 
g (50 mmol) of 3-methyl-4-m'troanisoIe, 8.0 
g (55 mmol) of N-formylpj-rrolidine dimetini 95 
acetal and 25 ml of NJ^f-dimcthylformamide. 
The solution was heated at 135^ for two hours 
with continuous distillation of the methanol 
which formed during the condensation. 

Removal of the volatile components under a 100 
vacuum (40® bath/1 mm) and recrystallization 
of the red residue from 75 ml of methanol 
gave, in two crops, 11.7 g (94%) of red 
needles, m.p. 71 — ^72°. 

Recrystallization of a portion of the first 105 
crop from methanol afforded an analytical 
sample of trans - 5 - methoxy - 2 - nitro - 
^-p3Trolidiiiost\Tenc, m.p. 71 — ^72®. 
Anal. Calcd. for C,.H,,N.Oa: 

C,2.87; H,6.58; N, 11.24 HO 
Found : 

C,2.87; H,6.58; N, 11.24 

Example 43 
A solution of 8.35 g (0.050 mol) of 3- 
mcthyI-4-nitro-anisole, 14.58 g (0.062 mol) of 115 
N,N-dimethylformamide dineopentyl acetal 
and 50 ml of N,N-dimcthyIformamide was 
heated at reflux under a nitrogen atmosphere 
for 41 hours and was then transferred to a 
CLAISEN flask. Vacuum distillation afforded, 120 
after removal of the volatile components 4.75 
g of a red liquid (b.p. 152*70.04 mm) which 
cr>'stallized on scratching to give a solid, m.p. 
61 — 65°. Recrystallization from 70 ml of 
cther/(petroIeum ether) gave 3.70 g (33%) 125 



1^76,966 



13 



of trans - )? - dimethylamino - 5 - methoxy - 
2-nitrostyrene, m.p. 68.5 — 69.5°. 

Example 44 
A solution of 3.0 g (0.018 mol) of 3- 

5 inethyl-4-nitro-anisole, 5.1 g (0.020 mol) of 
NjN-dimethylformamide dicydolnixyl acetal 
and 25 ml of N,N-dimethylformamide was 
heated at reflux under a nitrogen atmosphere 
for 40 hours and was then transferred to a 

10 CLAISEN flask. Vacuum distillation afforded, 
after removal of the volatile components, 1.89 
g of a red liquid (b.p. 158^/0.04 mm) which 
crystallized on scratching to give a solid, 
m.p. 61—64®. Recrystallization from 10 ml 

15 of ether aod 7 ml of petroleum ether gave 
1.46 g (36%) of trans - /3 - dimethylamino - 
5-metho2:y-2-nitrost>Tene, m.p. 67.5 — 69°. 

Example 45 
A solution of 16.71 g (0.10 mol) of 3- 

20 methyl-4-nitro-anisole. 30.00 g (0.11 mol) of 
NjN-dimethylformamide dibenzyl acetal and 
50 ml of N,N-dimethylformamide was heated 
at reflux under a nitrogen atmosphere for 17 
hours and was then transfened to a CLAISEN 

25 flask. Vacuum distillauon afforded, after re- 
moval of the volatile components, 9.42 g of a 
red liquid (b.p. 15S^/0A0 mm) which gave 
a tacky solid upon scratching. Recrystallization 
from 150 ml of ethcr/(petroleum ether) gave, 

30 in two crops, 7.15 g (32% of trans-p-di- 
methylamino - 5 - methoxy - 2 - nitrostyrene, 
m.p. 68.0—69.5°. 

Example 46 
A solution of 8.35 g (50 mmol) of 3- 

35 methyl-4-nitro-anisole, 8.76 g (75 mmol) of 
N,NHdimethylfonnamide ethylene acetal (2- 
dimethylamino-l^-dioxolane) and 25 ml of 
NjN-dimethylformamide was heated at 150° 
under a nitrogen atmosphere for 53 hours and 

40 was then transferred to a CLAISEN flask. 
Vacuum distillation afforded, after removal of 
the volatile components, 4.00 g of a red liquid 
(b.p. 149°/0.07 mm) which formed a gummy 
solid on scratching. Crystallization from 15 

45 ml of methanol gave 1.57 g (147^) of Irans^ 
P - dimethylamino - 5 - methoxy - 2 - nitro - 
styrene, m.p. 68—69°. 

Example 47 
In a 500 ml three-necked flask fitted with 

50 a thermometer and mechanical stirrer were 
placed 19.2 g (0.10 mol) of ^^<zn^-/9-dimethy^ 
amino-2-nitrostyrene, 100 ml of ethanol and 
100 ml of glacial acetic acid followed by 41.9 
g (0.75 mol) of purified iron powder over a 

55 period of 5 minutes. The suspension was 
stirred for 2 hours during which time the 
temperature rose to 45° (the temperature was 
controlled by a water bath). Then 30 ml of 
IN hydrochloric acid were added. The red 

60 colour discharged and the temperature rose 
to about 45°. The mixture was allowed to 



stand for 18 hours and was then pom^ on to 
1 liter of ice-water. To the resulting slurry 
were added 250 ml of benzene and then both 
phases were filtered through a bed of diato- 65 
maceous silica. The benzene layer was separ- 
ated and the aqueous layer extracted once 
more with 200 ml of benzene. The combined 
benzene extracts were washed successively with 
two 200 ml portions of 0.5N sulfuric acid and 70 
100 ml of 10% potassium carbonate. The 
aqueous phases were back-washed in a counter- 
current manner with 100 ml of benzene. The 
combined organic phases were dried (Na2S04), 
filtered and evaporated to give 4.2 g of a 75 
brown solid which was dissolved in a mini- 
mum amount of benzene and chromatographed 
on 50 g of alumina. Eluted fractions contain- 
ing indole [(petroleum ether)/benzene, (9:1)] 
were pooled according to the thin layer 80 
chromatography. Evaporation of the solvents 
and sublimation of the residue (40 — 50° oil 
batli/0.03 mm) yielded 2.02 g (17%) of 
indole as wlute plates, m.p. 51.5 — 52,5°. 

Example 48 85 
To a stirred solution of 19.2 g (0.10 mol) 
of ti-ans ' p - dimethylamino - 2 - nitro - 
styrene in 500 ml of water and 200 ml of 
methanol was added portionwise over 5 min- 
utes a mixture of 55.0 g (0.315 mol) of 90 
sodium ditliionite and 28.0 g (0.20 mol) of 
potassium carbonate while maintaining the 
temperature at 60 — 65° by means of a water 
bath. Since a suspension formed, 300 ml of 
medianol were added and stirring was con- 95 
tinned for 0.75 hour. To the mixture were 
added 20 ml of 30% ammonium hydroxide 
and, after removal of the methanol with a 
rotary evaporator, an additional 60 ml of 
30% ammonium hydroxide. The solution was iqa 
then extraaed vnth three 400 ml portions of 
benzene. The organic phases were back- 
washed in a countercurrent manner with 100 
ml of water. The combined organic phases 
were dried (Na.SOO, filtered and evaporated 1Q5 
to give 3.5 g of a dark brown solid which 
was dissolved in a minimum amount of ben- 
zene and chromatographed on 60 g of alumina. 
Eluted fractions (petroleum ether) containing 
indole were pooled according to thin layer hq 
chromatography. Evaporation of die solvents 
and sublimation of the residue (2.4 g) yielded 
2.14 g (187,) of indole, m,p. 50—52°. 

WHAT WE CLAm IS: — 
1) A process for the manufacture of indoles 115 
of the general formula 



(I) 
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wherein Ri and R:: independently represent 
hydrogen, lower alkyl, aryU hydroxy, lower 
alkosy, aryl-lower alkoxy, arylos}-, a^losy, 
formyl, aroyl, hydroxj-methyl, arj'l-hydrox\- 

5 methyl, carboxy, lower alkoxjcarbonyl, 
carbamoyl, halogen, amino, mono-lower 
alk>'laiaino, di-lower alkylamino, lower 
alkoxycarbonylamino, arj^l-lower alkoxy- 
carbonylamino, acylamino, N-Iower alkyl- 

10 acylamino, di-lower alkylformamidino or 
di-lower alkoxjmethyl or Ri and Rj together 
represent lower alkylenedioxy, 
which process comprises treating an ortliO" 
nitro-^-amino-styrene of the general formula 



15 




(II) 



wherein Ri and R. have the significance 
given earlier in this claim and Rs and R< 
independently represent lower alkyl or Rn 
and Ri together represent lower alkj-Iene, 
20 with a reducing agent. 

2) A process as claimed in claim 1, wherem 
the ortlto - m'tro - ,B - aminost>-rene of for- 
nmla IT is hydrogcnated in the presence of a 
suitable hvdrogenation catalyst. 
25 3) A process as claimed in claim 2, wherem 
die hydrogenation catalyst consists of chro- 
mium, molybdemmi, tungsten, platinum, pal- 
ladium, rhodium, cobalt, nickel or ruthenium, 
their oxides or combinations thereof. 
30 4) A process as claimed in claim 3, wherein 
palladium or RANEY nickel is used as the 
hydrogenation catalj'st. 

5) A process as claimed in any one of 
claims 2 to 4 inclusive, wherein the hydro- 

35 genation catalyst is supported on carbon. 

6) A process as claimed in any one of 
claims 2 to 5 inclusive, wherein the hydro- 
genation is carried out in the presence of an 
inert solvent. 

40 7) A process as claimed in claim 6, where- 
in the solvent is an alkanol, a hydrocarbon, 
ethyl acetate or N,N-dimethylformamide. 

8) A process as claimed in claim 7, wherein 
the solvent is benzene. 

45 9) A process as claimed in claim 1, wherein 
the or^/w-nitro-^-aminostyrene of formula II 
is reduced with iron, zinc or tin in an organic 
or inorganic acid, with stannous chloride in 
hydrochloric acid, with sodium dithionite or 

50 with sodium or anmionium sulfide or hydro- 
sulfide. 

10) A process as claimed in claim 9, wliere- 
in the reduction is carried out in the presence 
of water or a water miscible solvent. 
55 11) A process as claimed in claim 10> where- 
in the water miscible solvent is an alkanol or 
tetrahydrofuran. 



12) A process as claimed in any one of 
claims 1 to 11 inclusive, wherein R- and R4 
each represent lower alkyl. 60 

13) A process as claimed in claim 12, 
wherein Ru and R. each represent mediyl. 

14) A process as claimed in any one of 
claims 1 to 13 inclusive, wherein Ri and Rj 
independendy represent hydrogen, lower alkyl, 65 
nryl, hydroxy, lov>i;r alkoxy, aryl-lower 
alkox)', ar3ioxy, ac\ioxy, formyl, aroyi, hyd- 
roxymethyl, aryl-Hydroxjmethyl, carboxy, 
lower alkox>xarbonyl, carbamoyl, halogen, 
amino, mono-lower jdkylamino, di-lower alkyl- 70 
amino, lower alkoxj'carbonyiamino, aryl-lower 
alkox\carbonylamino, acylamino, N-lower 
alkylacylamino, di-lower alk>'lformamidino or 
dimethoxj-methyl or .Ri and Rj together re- 
present lower alkylenedioxy. 75 

15) A process as claimed in claim 14, 
v;hcrein R, and R:- independently represent 
hydrogen, lower alkyl, hydroxy, lower alkoxy, 
aryl-lower alkoxy, acyloxy, formyl, aroyl, halo- 
gen, amino or acylamino or Ri and Kj to- 80 
gether represent lower alkylenedioxy. 

16) A process as claimed in claim 15, 
wherein Ri and R^ each represent hydrogen. 

17) A process for the preparation of ortha- 
ninro-^-amino-styrencs of the general formula 85 



(II) 



wherein R„ R2, R. and R» have the sig- 
nificance given in claim 1, 
which process comprises condensing an ortho- 
nitrotoluene of the general formula 90 





(HI) 



wherein R, and Rj have the significance 

given in claim 1, 
with a formamide acetal of the general for- 
mula 95 



R,0 R3 

\ / 
CH— N 

/ \ 
R.0 R. 



(IV) 



wherein Rr. and R* have the significance 
given in claim 1 and^R^ and R^ indepen- 
dently represent lower alkyl, aralkyl or 
c}xloalk>i or R- and R^ together represent 100 
lower alkylene. 

IS) A process as claimed in claim 17, 



15 
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wherein the condensation is efifeaed in the 
presence of a polar aprotic solvent 

19) A process as claimed in claim 18, 
wherein the solvent is N,N-dimethylform- 

5 amide, diethyleneglycol dimethyl ether or 
liexamethylphosphortriamide. 

20) A process as claimed in any one of 
claims 17 to 19 inclusive, wherein the con- 
densation is conducted at a temperature in 

10 the range of from 100°C to 160^C. 

21) A process as claimed in any one of 
claims 17 to 20 inclusive, wherein at least 
one of Rs and R4 represents other than methyl 
when one of Ri and Ro represents hydrogen 

15 and the other represents hj^lrogen or methyl 
in the 3-position. 

22) A process as claimed in claim 21, 
wherein Ri and Ro independently represent 
hydrogen, lower alkyl, aryl, hydroxy; lower 

20 allcoxy, aryl-lower alkoxy, aryloxy, acyloxy, 
formyl, aroyl, hydroxymethyl, aryl-hydroxy- 
methyl, carboxy, lower alkoxycarbonyl, carb- 
amoyl, halogen, amino, mono-lower alkyl- 
amino, di-lower alkylamino, lower alkoxy 

25 carbonylamino^ aryl-lower alkoxycarbonyl- 
amino, acylamino, N-lower alkylacylamino, di- 
lower all^lformamidino or dimethoxymethyl 
or Ri and Ro together represent lower 
^ ^ alkylenedioxy and R. and Rg independently 

30 represent lower alkyl or R5 and R^. together 
represent lower alkylene. 

23) A process as claimed in claim 21 or 
claim 22, wherein R, and R2 independently 
represent hydrogen, lower alkyl, hydroxy lower 

35 alkoxy, aryl-lower alkoxy, acyloxy, formyl, 
aroyl, halogen, amino or acylamino or Ri and 
Ro together represent lower alkylenedioxy. 

24) A process as claimed in any one of 
claims 21 to 23 inclusive, wherein R, and R3 

40 each represent hydrogen. 

25) A process as claimed in any one of 
claims 21 to 24 inclusive, wherein Ra and 
R4 each represent lower alkyl. 

26) A process as claimed in any one of 
45 claims 21 to 23 inclusive and claim 25, 

v/herein Rn and R., each represent methyl. 

27) A process as claimed in any one of 
claims 17 to 20 inclusive, wherein R3 and 
R4 each represent methyl and one of Ri and 

50 Ra represents hydrogen and the other repre- 
sents hydrogen or methyl in the 3-position. 

28) A process as claimed in claim 27, where- 
in Ro and R^ independently represent lower 
alkyl or R^ and R^ together represent lower 

55 alkylene. 

29) A process for the manufacture of in- 
doles of uie general formula 




wherein R^ and R. have the significance 
given in claim 1, 60 
which process comprises condensing an 
or^/^i^-nitrotoluene of the general formula 




(III) 



wherein Ri and Ro have the significance 
given in claim 1, 65 
widi a formamide acetal of the general for- 
mula 

R-.0 R3 
\ / 

CH— N (IV) 
/ \ 

R,;0 R, 

wherein R3 and R4 have the significance 
^ven in claim 1 and Rj and R<. have the 70 
significance given in claim 17, 

and treating, the resulting ortlKhnitro-fi- 

aminostyrene of die general formula 




wherein Rj, R2, R^ and R* have the sig- 75 
nificance given in claim 1, 
with a reducing agent. 

30) A process as claimed in claim 29, 
wherein the condensation is effected in the 
presence of a polar aprotic solvent. 80 

31) A process as claimed in claim 30, 
wherein the solvent is N,N-dimethyIform- 
amide, dietliyleneglycol dimethyl ether or 
hexamethylphosphortriamide. 

32) A process as claimed in any one of 85 
claims 29 to 31 inclusive, wherein the con- 
densation is conducted at a temperature in 

the range of from lOO^C to 160^0 

33) A process as claimed in any one of 
claims 29 to 32 inclusive, wherein the ortho- 90 
nitro-jff-aminostyrene of formula II is hydro- 
genated in the presence of a suitable hydro- 
genation catalyst 

34) A process, as claimed in claim 33, 
wherein the hydrogenation catalyst consists of 95 
chromium, molybdenum, tungsten, platinum, 
palladium, rhodium, cobalt, nickel or ruthe- 
nium, their oxides or combinations diereof. 

35) A process as claimed in claim 34, 
wherein palladium or RANEY nickel is used 100 
as the hydrogenation catalyst. 
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36) A process as claimed in any one of 
claims 33 to 35 inclusive, wherein the hj-dro- 
genation catal3'St is supported on carbon. 

37) A process as claimed in any one of 
5 claims 33 to 36 inclusive, wherein the hydro- 

genation is carried out in the presence of an 
inert solvent. 

38) A process as claimed in claim 37, 
wherein the solvent is an alkanol, a hydro- 

10 carbon, ethyl acetate or N,N-<iimethyIform- 
amide, 

39) A process as claimed in claim 3S, 
wliercin the solvent is benzene. 

40) A process as claimed in claim 29, 
15 wherein tlie ortho - nitro - p - aminostyrene 

of formula II is reduced with iron, zinc or 
tin in an organic or inorganic acid, with 
stannous diloride in hydrochloric add, with 
sodium dithionite or with sodium or ammo- 
20 nium sulfide or hydrosulfide. 

41) A process as claimed^ in claim 40, 
wherein the reduction is carried out in the 
presence of v/ater or a water miscible solvent. 

42) A process as claimed in claim 41, 
25 wherein the water miscible solvent is an alka- 
nol or tetrahydrofuran. 

43) A process as claimed in any one of 
claims 29 to 43 inclusive, wherein Rj and 
Ri each represent lower alkyl. 

30 44) A process as claimed in claim 43, 
wherein Rs and Rj each represent methyl. 

45) A process as claimed in any one of 
claims 29 to 44 inclusive, wherein Ri and R- 
independently represent hydrogen, lower alkyl, 

35 ar\-l3 hydroxy, lower alkoxy, ar>'l-Iower 
alkoxy, arjioxy, acyloxy, formyl, aroyl, hyd- 
roxymethvl, aryl-hydroxymethyl, carboxy, 
lower afkoxycarbonyl, carbamoyl, halogen, 
amino, mono-lower alkylamino, di-lower 

40 alkylamino, lower alkoxy carbonylamino, ar\'l- 
lower " alkoxycarbonylamino, acylamino, N- 
iower alkylacylamino, di-lower alkylforra- 
aniidino or dimethoxy methyl or Ri and R- 
together represent lower alkylenedioxy and 

45 R. and R.; independendy represent lower alkyl 
or Rs and R... together represent lower alkyl- 
cne. 

46) A process as claimed in any one of 
claims 29 to 44 inclusive, wherein Ri and R- 

50 independently represent hydrogen, lower alkyl, 
hydroxy, lower alkoxy, aryl-lower alkoxy, 
acyloxy, formyl, aroyl, halogen, amino, or 
acylamino or Rx and R- together represent 
lower alkylenedioxy. 

55 47) A process as claimed in claim 46, 
wherein Rj and Ra each represent hydrogen. 

48) A process as claimed in claim 47, 
wherein o-nitrotoluene is condensed with N,N- 
dimethylformamide dimethyl acetal to yield 

60 - dimethylamino - 2 - nitrostyrene which is 
reduced to yield indole. 

49) A process for the manufacture of the 
indoles of formula I in claim 1, substantially 
as hereinbefore described with reference to 

65 tlie foregoing Examples. 



50) Indoles of formula I in claim 1, when 
manufactured by the process claimed in any 
one of claims 1 to 16 inclusive or any one 
of claims 29 to 49 inclusive. 

51) A process for the preparation of the 70 
ori/w-m'tro-^-aminost>Tcncs of formula II in 
claim 1, substantially as described with refer- 
ence to the Examples. 

52) Orf//o-nitro-jff-aminostyrenes of formula 

II in claim 1, when prepared by the process 75 
claimed in any one of claims 17 to 28 in- 
clusive or claim 51. 

53) An ort/w-nitro-^-anunostjTCne of the 
genera] formula 
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wherein R, and R. independently represent 
hydrogen, lower alkyl, ar>'I, hydroxy, lower 
alkoxv, an^l-lower aikoxj', aryIox>', acyloxy, 
formyl, aroyl, hydroxymethyl, aryl-hyd- 
roxymethyl, carboxy, lower alkox>carbonyl, 
carbamoyl, halogen, amino, mono-lower 85 
alkvlamino, di-lower alkylamino, lower 
alkoxycarbonylamino, ar>d-lower alkoxy- 
carbonylamino, ac>iamino, N-lower alkyl- 
ac>iamino, di-lower alkylformamidino or 
di-lower alkoxymethyl or Ri and R2 to- 90 
gether represent lower alkylenedioxy and 
R, and R| independently represent lower 
alkyl or Rn and Rj together represent lower 
allcNiene, with the proviso that at least one 
of Rr, and R, is other than methyl when 95 
one of Ri and R^ represents hydrogen and 
the other represents hydrogen or methyl in 
the 3-position. 

54) An <?rt/w-m*tro-y?-aminost\Tene as 
claimed in claim 53, wherein Ri and R^ in- 100 
dependency represent hydrogen, lower alkyl, 
aryl, hydroxy-, lower alkoxy, arj-l-lower 
alkoxy, aryloxy, acyloxy, formyl, aroyl, hyd- 
roxnnethyi, ar>*l-hydroxymethyl, carboxy, 
lower alkoxycarbonyl, carbamoyl, halogen, 105 
amino, mono-lower alkj'lamino, di-lower alkyl- 
amino, lower alkoxy carbonylamino, aryl- 
lower alkoxyxarbonylamino, acylamino, N- 
lower alkylacylamino, di-lower alkylform- 
amidino or dimethoxymethyl or Ri and Rs 110 
together represent lower alkylenedioxy. 

55) An tfr//w-m*tro-)ff-aminostyrene as 
claimed in claim 53 or claim 54, wherein Ri 
and R- independendy represent hydrogen, 
lower alkyl, hydroxy, lower alkoxy, aryl-lower 115 
alkoxy, acyloxy, formyl, aroyl, halogen, amino 

or acylamino or Ri and R2 together represent 
lower alkylenedioxy. 

56) An £)r^//(7-m*tro-jff-aminost>Tene as 
claimed in any one of claims 53 to 55 in- 120 



17 



1,276,966 



dusive, wherein Ri and each represent elusive and claim 57, wherein R5 and R4 each 

hydrogen. ^ represent methyl. 

57) An or/Ao-nitro-jS-aminostyrene as 

daimed in any one of daims 53 to 56 inclu- For the Applicants, 

5 sive, wherein Rj and R* cadi represent lower CARPMAELS & RANSFORD, 

^^l' ^ ^ , Chartered Patent Agents, 

58) An ori^-mtro-;?-ammostyrene as 24, Southampton Buildings, Chancery Lane, 
claimed m any one of daims 53 to 55 in- London, WC2A lAZ. 
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